Emergency management in transnational contexts can be a challenging endeavor. Cultural and language differences among multiple countries can hinder the exchange of information during dynamic emergency response. With increasing international threats and the explosion of near real-time data availability, the emergency response process has become mired in complex communication practices. Maps have the potential to provide an intuitive medium for communication and means for establishing situation awareness during emergency events. The development of map symbol standards is one method for improving communication efficiency. This paper evaluates how the design of two national emergency management map symbol sets (American ANSI and Canadian EMS) influences map-readers' conception of represented information.
INTRODUCTION
A key to successful emergency management is the dissemination of timely, accurate information. Emergencies occurring at international borders pose unique challenges to the exchange of information as they cause damage across national boundaries and may require multi-cultural and/or multi-linguistic communication (Boin and Rhinard, 2008) . For example, the Kashmir earthquake that occurred on 8 October 2005 caused the loss of more than 74,000 lives and devastated three countries -India, Pakistan and Afghanistan. Response and eventual recovery efforts during events such as this earthquake are guided by information sources generated within individual countries and shared between relief groups and government agencies. Cultural and language differences between countries can affect the ability of emergency collaborators to communicate effectively and to jointly respond to the crisis event. In some cases, it is possible to implement protocols for international reactions to emergency events (Voigt et al., 2007) . In other cases, such as emergency management map symbol standards, international agreement has yet to be attained.
A crisis has the potential to impact typical communication processes between agencies, and limit technological capabilities for disseminating new information (Kapucu, 2006) . Contemporary crises have repeatedly highlighted critical issues arising from the lack of efficient communication (Manoj and Baker, 2007) . In these cases, reliance on materials generated during preparation for catastrophic events could limit the abilities of managers to synthesize information from various international stakeholders. For example, during the response to the Kashmir earthquake mentioned above, abundant national and international organisations migrated to the region to establish the rescue and response commission (Hicks and Pappas, 2006) . In such a case, effective collaboration relies on multiple actors' abilities to understand a heterogeneous set of information.
GIS technology and careful map construction potentially improves the quality of emergency management responses to crisis events (Cova, 1999; Cutter, 2003) . While GIS technologies provide managers with the ability to assess new information that is dynamically being shared from a number of sources, conscientious map design allows users to quickly assess and internalize new information about the emergency event.
Collaboration among multiple actors in the face of emergencies is both dynamic and reciprocal in nature. Collaboration between actors in either same-place or different-place scenarios may be among pairs of individuals, small teams within or across agencies, or between/among agencies and organisations (MacEachren and Cai, 2006) . The intricacies of both the emergency management process and event information make it imperative that communication be unambiguous for its users. As MacEachren and Brewer (2004) point out, 'visual representations have a particularly important role to play as mediators of geocollaborative activities' (p. 2). Map communication supports collaboration among multiple emergency responders. Alexander (2004) examined the effects of knowledge, ability, experience and training on the development of maps during emergency response situations. Emergency managers and graduate students were asked to generate maps in response to a textual description of an emergency event, and the map artefacts were then examined. Sixty-seven maps were analysed for six qualities -level of detail, position, and size of features, balance of style and realism, neatness, textual features, and the inclusion or exclusion of a tactical plan on the map. Using these criteria, the maps were classified into seven categories. The results of this analysis showed a wide range of perceptions of the emergency event, showing how individual knowledge and experience can influence the generation of geographic information in response to emergency events, and demonstrating the need for media-tion to connect different perceptions.
Map symbol standardisation is one method for enhancing map communication (Akella, 2009 ). Standardisation includes a process by which a formal symbology is defined for an intended use case. In the absence of symbol standardisation, emergency officials are left to create and employ their own ad hoc symbologies , similar to the maps generated by participants in the Alexander (2004) study. While these ad hoc symbologies are representative of the creator's conception of emergency management events, they may not be representative of other user's conceptions. In international situations, where symbologies pass between users with different cultural backgrounds, these ad hoc symbologies can be risky. One particular example where culture plays an important role in user conception of map symbols is the representation of medical facilities (Dymon, 2003; Korpi and Ahonen-Rainio, 2010) . Dymon (2003) compared the designs of 44 medical facilities to choose the most representative for the ANSI standard, while Korpi and Ahonen-Rainio (2010) 
ANSI INCITS 415-2006
The ANSI symbol standard was created following a mandate by the Federal Geographic Data Committee's Homeland Security Working Group (FGDC HSWG) (Dymon and Mbobi, 2005) .
The creation of the ANSI standard involved surveying and comparing existing symbology and defining a set of symbols for review by emergency management and related officials. The final symbol set consists of 198 unique pictorial symbols categorized into four standard categories: 'Incidents,' 'Natural Events,' 'Operations' and 'Infrastructure'. We use the term 'standard category' for standard prescribed categories used to organize the ANSI and EMS symbols. In contrast, participant categories are referred to as categories for the remainder of the paper. To differentiate between the standard categories, frames around the actual symbols are used ( Figure   1 ). The Incidents and Natural Events standard categories share the same diamond shaped frame, but utilize white (Incidents) or black (Natural Events) background to differentiate between the two categories. Both the Infrastructure and Operations standard categories utilize white backgrounds.
The Infrastructure frame is rectangular, while the Operations frame is circular. Representative symbols from each of the four standard categories are presented in Figure 1 along with their category and the ANSI reference definition (http:// www.fgdc.gov/HSWG/index.html).
Emergency Mapping Symbology
In 2010, the Emergency Mapping Symbology was introduced as a new standard for emergency management in Canada (Sondheim et al., 2010) . Designed to support multi-agency collaboration, the EMS symbol set was developed through the cooperation of government and non-government agencies from Canada and the USA, including the FGDC. The standard was designed by evaluating the ANSI symbols to determine how well the ANSI standard met the mapping needs for Canadian emergency management; the ANSI standard was then extended to meet the Canadian needs, and then stylistically modified.
The EMS symbology consists of 305 pictorial symbols classified into five standard categories:
'Event/Incident (General Case)', 'Event/Incident (Water, Weather)', 'Infrastructure', 'Operation' and 'Aggregate, Other'. Representative symbols from each of the four EMS standard categories that were represented in the classification activity and which are common to the ANSI categories are presented in 
Category membership is visually distinguished by different frames
In contrast to ANSI, the EMS symbol set uses a gradient colour fill to convey the standard categories, a function fulfilled by the frame in the ANSI symbol set. To differentiate weather-related events and other incidents, the colour blue is introduced into the symbol design. Another feature of the EMS not provided by ANSI is the optional black or white borders around the symbols, intended to increase figure-ground separation.
METHODS

Free classification
We used a free classification experimental design in this research, sometimes referred to as card sorting or unsu-pervised learning. Free classification is a knowledge elicitation method developed within psychology to analyse participant's conception of a set of entities through their categorisation (grouping) practices (Cooke, 1994) . Participants in free classification categorize objects based on their own measure of similarity (Spencer, 2009 ) and the results for multiple participants are compared. This method is based on the assumption that although people may create categories differently, enough similarities exist between people for their categories (and thus realities) to be comparable (Kelly, 1970; Goldstone, 1994) .
Free classifica-tion experiments have been successfully employed to evaluate point symbols and glyphs (Klippel et al., 2009; Roth et al., 2011) .
Participants
Forty-nine undergraduate students participated in a free classification study for course credit. The participants were assigned to one of two conditions, ANSI or EMS. Twenty-four participants (11 females) freely classified the ANSI symbols, average age 20.5 years; 25 participants (13 females), average age 20.2 years, freely classified the EMS symbol set. The degree programmes that participants identified varied, but the majority of students were geography students (31 of 49 participants).
Material
In order to maintain consistency between the symbols used as stimuli, subsets of the ANSI and EMS symbol standards (EMS5127 and ANSI5127) were selected for the free classification study. These subsets of the two symbologies Figure 2 . Representative symbols from each of the EMS categories, their labels and definitions. Category membership is visually distinguished by colour were chosen so that the point symbol features would be consistent between the two symbol sets. While some features vary in their visual style, the concept they represent is the same. For example, the EMS symbol for the concept 'military' in the EMS standard is two crossed swords, while the 'military' symbol in ANSI is crossed guns. To eliminate the influence of the visual indicators of standard category on the free classification process, these indicators were removed from each of the symbol sets. The EMS symbols were converted to greyscale, while the ANSI symbol frames and background fill were removed. These alterations led to the creation of single pictorial symbols for classification.. Example symbols from both ANSI and EMS are provided in Figure 3 .
Design and procedure
The research presented here takes a cognitive approach to assess user interpretation of map point symbols.
The goal of this work was to evaluate the effects of map symbol style on map-reader conception of the represented information.
Two free classification experiments were carried out to assess whether the visual style differences between the EMS symbols (rounded, gradient filled symbols) and ANSI Figure 3 . A sample of ANSI and corresponding EMS symbols used in the free classification experiments symbols (solid black) affect people's conception of the visually presented information. To this end, we utilized a GIS lab that seats 16 students in front of individual 249 screens. Each workplace was separated from others by using view blocks. The experiment was administered through our grouping software experiment platform called CatScan (Klippel et al., 2011) .
Participants were randomly assigned to one of the two conditions (ANSI or EMS) and to their workplace. Participants provided consent and entered basic demo-graphic information such as age, gender and field of study. Next, the participants were provided with a brief introduc-tion to the classification task. The instructions explicitly stated that there is no right or wrong grouping when creating categories, and that it was up to the participants to define criteria to place symbols into same or different groups, that is, symbols they considered similar to each other. Participants were not told that the symbols represented emergency management concepts, only that they were viewing map symbols. Before the primary symbol classification task, they performed a practice task to group unrelated stimuli to ensure that participants had no problems with the general idea of a classification experiment.
Participants performed three main tasks during the experiment: creating groups of individual symbols, naming/labelling each of the groups created, and then describing their grouping rationale for every group they created. In the first part of the experiment, participants created as many groups as they considered appropriate and placed the symbols into the groups. All groups were created from scratch, that is, no number of groups was suggested in the initial screen participants saw (see top half of Figure 4 ). Participants were able to create groups, place icons into groups, move them between or out of groups, and delete groups.
Upon finishing, the classification task participants were shown the groups they created, one after another. In this stage, participants were asked to (1) provide a short label for the groups that they created; and (2) provide a detailed textual description of the rationale for their grouping choices. An example of the group labelling and description phase of the experiment is shown in Figure 5 .
RESULTS
We analysed the results of the experiment using three methods. First, t-tests were used to assess whether there were differences in the number of categories that participants created while grouping the symbols and to assess whether any differences in grouping time were significant. Second, heat maps (Wilkinson and Friendly, 2009 ) ordered alphabetically or based on Ward's cluster analysis were used to compare the placement of symbols in the participants' categories (groups) with the standard categories (Infrastructure, Operations, Incidents and Natural Events). Finally, to explore the terms that participants used in describing the groups they created, we used word cloud visualisation.
Statistical analysis: task length and number of categories
Results of the t-test suggest that there is no difference in the time between the ANSI and EMS symbol sets 
Visualizing symbol relationships
A heat map is a tool for visualizing similarity measures generated during the classification exercise. Each pixel within the heat map represents how many times the corresponding two symbols were grouped together using colour and lightness: the darker the red colour of a pixel, the more often two symbols have been placed into the same category, while light yellow-to-white pixels indicate that two symbols are less commonly grouped together. Figures 6 (ANSI524) and 7 (EMS525) present the heat maps ordered by the standard category first and symbol label alphabetically second.
There is little evidence to suggest that participant's categorisation matched that of the four standard categories at a global level. The only exception to this seems to be the Incidents category, which is both smaller and more consistent in design than the other categories. Other highly fragmented clusters were brought out by reordering the heat map by the Ward's cluster analysis results (Figures 8 and 9 ).
To get a sense of how participants grouped the symbols, we examined the composition of the participants' categories (groups) by the standard categories. This allows us to determine where the two groups of participants agreed and disagreed in their category structures. Figures 8 and 9 present the ordered heat maps and pie charts showing the composition of the groups by the standard categories.
It is clear that the EMS set tended to group into more categories than the ANSI symbol set when comparing the composition of groups within the EMS and ANSI results (see also the higher average number of groups, 15.32 and 13.5, respectively). In addition, the number of categories that were comprised of a single standard category was also greater in the EMS symbol set (EMS53 and ANSI51). Several of the groups show similarities across the ANSI and EMS symbol sets. Figure 13 as well as Infrastructure symbols that depict the transporta-tion hubs for each of the transportation types.
The first group (EMS-A and ANSI-A) is comprised of transportation features depicted in
Both the ANSI and EMS categories have a homogenous category of Operations (EMS-D and ANSI-E). This set of symbols is represented by a variety of emergency operation equipment, but each of the symbols also includes a cross symbol that is commonly associated with emergency response. The use of the cross is used for symbols in both ANSI and EMS. One notable similarity across both symbol sets was the classification of several Natural Events symbols. In both the ANSI and EMS cases, the Natural Events symbols Figure 6 . The ANSI heat map (n524) ordered by standard cate-gory. Darker red colours indicate higher similarities representing hail, rain and tsunami were grouped together (Figure 8 , ANSI-D; Figure 9 , EMS-C). This is particularly interesting because of the drastic iconicity differences between these symbols in ANSI and EMS. Hail and rain are both represented by abstract geometric features in the ANSI symbol set, but in the EMS symbol set, the Rain symbol is represented by an umbrella and rain-drops, while the Hail symbol is represented by a cloud and two triangles.
Word clouds for visualizing symbol category descriptions
A preliminary assessment of the labels and descriptions that participants used to identify their categories was conducted using Wordle (http://www.wordle.net). Wordle is an online tool developed to assess the frequency of word use from textual documents. Word clouds have been used previously to support user decisions about term relevance (Gottron, 2009) and for the visual exploration of terms. For this analysis, we removed a list of words that are not directly related to the semantics of the icons such as pronouns. The labels and longer descriptions were used to generate four word clouds. Figure 10 shows two of the short label word clouds. Category labels frequently used across both ANSI and EMS include 'transportation', 'water', 'people' and 'fire'. A similar pattern is also visible in the word clouds of the long category descriptions in Figure 11 . The frequencies of the term 'transportation' across both labels and categories are most likely due to the number of features within both symbol sets that depict modes of transportation ( Figure 14) . Similarly, the popularity of the term 'people' is likely due to the number features that incorporate a human in their design.
DISCUSSION
The work presented here addresses two aspects of symbol sharing, whether the classification tendencies of users match the classification structures imposed by the map standard, and the stylistic design aspects that affected participant Figure 10 . Word clouds generated using the category labels for the (A) ANSI and (B) EMS symbol set. Figure 11 . Word clouds generated using the category description for the (A) ANSI and (B) EMS symbol sets classification choices. Understanding the natural classifica-tion tendencies for these standards can inform the refinement of each standard and provide guidelines for the development of new standards. Additionally, understanding how stylistic differences between the two standards affect user classification can be used to improve symbol designs.
This research brought to light three different stylistic factors that affected user classification strategy: iconicity, repetitive use of a central pictograph and the use of minor symbols to convey differences between central figures. These three factors influenced the classification behaviour in different ways.
The use of a central pictograph for conveying unity across several symbol feature types tended to increase participants' likelihood of grouping the symbols into the same category. An example of this was the emergency operations category. Here several symbols representing aspects of emergency response were grouped together in both the ANSI and EMS cases due to the use of the cross typically used to represent emergency response. The use of a common symbol such as the cross for multiple symbologies could be used to improve map readers' sense of subcategories. These symbols are presented in Figure 12 .
A second method that was successful in prompting participants to generate subsets of common symbols was the modification of a common central symbol. This is most evident with the symbols that represent transportation incidents (Figure 13 ). In the case of EMS, partici-pants grouped the multiple modes of transportation into a single transportation category, while not including the ambulance or medical helicopter features, pictured in Figure 12 , into the group, opting instead to include these features with other medical Operations features. The cross worked well as a group-inducing mechanism when it is meaningful.
A third aspect of the map symbol design that prompted users to group symbols was the level of iconicity.
Map point symbols should be designed to prompt users to conceptua-lize their meaning accurately (Muehrcke, 1974) ; still, many of the point symbols from the ANSI and EMS symbol sets leave much to the imagination during interpretation. Illuminating how iconicity choices affect the classification of these point symbols would create a deeper understanding of another aspect of the design of EMS map symbology.
Iconicity is particularly interesting because of the differences between the iconicity levels of the EMS and ANSI symbol Figure 12 . Medical operations symbols consistently classified together for both ANSI and EMS based on the cross symbol Figure 13 . EMS and ANSI symbols for transportation. Both symbol sets use a common pictorial symbol, the airplane in this case, to represent a mode of transportation, while using changes in the symbol or the addition of handles to represent changes in the incident type. (Figure 14) . Despite the use of abstract icons, such as the point symbol for rain, the ANSI weather symbols were still consistently found within the same group. This same pattern was found in the Canadian group, though the level of iconicity used for the EMS symbols was much more realistic.
Participants used the stylistic design choices to their benefit when classifying point symbols. During emergency response, these same principles could possibly be used to interpret foreign map symbols. One example from these two symbol standards that directly applies to cross-border communication is the representation of transportation. Transportation features cross three of the four standard categories that were considered in this study. In the case of the Operations category, we have seen several different types of transportation being used for emergency response. The Infrastructure category uses vehicles for the representation of transportation hubs. Finally, the Incidents category utilizes the transportation mode in its representation of different types of transportation incidents. In all of these cases, modes of transportation common to the USA or Canadian cultures are used in the representation. In this case, the two cultures are similar enough that the transportation types remain the same. In each of the uses of the transportation type, the symbol is altered to reflect a more specific role within the standard category. For instance, the use of the cross on the helicopter defined it as an emergency helicopter. In symbol standards that are not so culturally linked, the use of common stylistic design choices could help map readers with little knowledge of the country's culture to draw conclusions about relationships between multiple point symbols. In contrast to the case presented here, it is probable that other cultures would have other transportation modes, such as the use of collective taxis or animals.
CONCLUSIONS
During the Kashmir earthquake of 2005, multiple international organisations came together to provide relief to the nations effected by the disaster. Thompson (2011) points out some of the difficulties that arose during the response phase including a lack of a general geographic information depository and the lack of a common operating picture. Confusion brought on by responders' differing perceptions of the crisis led to poor decision-making and wasted time. The work presented here has the potential to improve these communications by addressing how the variation between symbol design between two geographic information sources affects map reader's understanding to the map symbols.
The research presented here is a first step in determining which stylistic choices influence map reader understanding of map symbols. Here we have compared the influence of differences in visual style. The scope of this current research is limited to two symbol standards from English-speaking countries and neighbours, the USA and Canada. To further our understanding of how these stylistic difference affect map-user conception, it will be important to extend this study to symbol standards developed in countries with different cultural heritages and native languages.
The results of this study suggest that participants did not use categories equivalent to the ANSI or EMS standard categories under the free classification paradigm. This is most likely due to the heterogeneous nature of point symbols within each of the ANSI and EMS standard categories. Each standard category consists of a number of feature types that when analysed together without explicit indication of the standard classifications seem unrelated. Participants used many more categories (groups) during the classification, 13-15 categories on average. Participants created many smaller consistent categories that were influenced by three stylistic factors of the point symbol design, level of iconicity, the modification of a common central pictorial symbol, and the addition of a common marker to show relationships between disparate pictorial symbols. This suggests that the use of four general categories may be too broad for participants to differentiate between categories using the pictorial symbols alone, but that smaller subsets of symbols can be differ-entiated by the use of the pictorial symbols. To support cross-border communication, using stylistic choices that enhance these natural subgroups could potentially make communication more efficient.
Several questions remain about user interpretation of map symbol features. Future analysis of these symbol sets will look at how the categorisation of map symbol labels compares to the results presented here. Additionally, we would like to examine the meanings that map readers take from these point symbols across more significantly different cultural backgrounds. Classification could also be used to determine if there is any difference in participants' ability to classify symbols with the presence of either frames or colour, as prescribed by the ANSI and EMS standards.
